###### Strengths and limitations of this study

-   This study is a feasibility randomised controlled trial to assess the feasibility and acceptability of wedge-shaped excision and modified buried vertical mattress suture (WE-MBVMS) for skin closure of a thoracic incision.

-   By using feasibility outcome measures and clinical outcome measures, the results will provide more information regarding the clinical effectiveness of WE-MBVMS for a future large-scale RCT.

-   An appropriate primary outcome measure will be selected to inform the sample size for a full RCT through examining the potential of scar assessment tools.

-   A single centre will limit the generalisability of the results.

Introduction {#s1}
============

Background {#s1a}
----------

Microtia is a congenital anomaly of the auricle, including partial or total defects of the ear. The prevalence ranges from 0.83 to 17.4 per 10 000 births among regions, with a higher rate among Asians.[@R1] Autogenous costal cartilage grafts have been an important method for microtia repair since they were described by Brent for ear reconstruction in 1920.[@R2] After the costal cartilage is harvested, the incision remains. Because the anterior chest is the most common keloid-bearing site, the scars resulting from these thoracic incisions may become keloid and therefore be aesthetically undesirable or symptomatic.[@R3] The technique and material used for repair will influence the cosmetic appearance of the scar.[@R4]

The ideal skin closure technique should ensure adequate haemostasis, reduce tension on the skin edges, approximate and evert the wound edges precisely, be relatively fast for surgeons to perform, be easy to care for and leave no suture marks.[@R5] A method for dermal suturing, wedge-shaped excision and modified buried vertical mattress suture (WE-MBVMS), was described in 2009 based on summaries of clinical experience to achieve these goals.[@R7] The following main characteristics distinguished this technique from other methods: (1) after the wedge-shaped excision was performed, the contact area of wound edges increased, enabling easy achievement of wound eversion and (2) the stitch was embedded in the dermis as long as possible to maximise the dermis area available for recruitment in the suture loop, forming visible skin folds and eversion. Thus, in theory, the method was successful at precisely approximating the edges of deep defects, relieving skin tension.[@R7] Tension is considered critical for the formation of hypertrophic scars[@R3]; therefore, WE-MBVMS might provide excellent outcomes for the most demanding surfaces. However, adequate comparative clinical evidence supporting improved outcomes with this technique has been limited.[@R7]

The traditional technique, buried intradermal suture (BIS), can provide prolonged dermal support without everting the wound edge and has been used for many years with good results.[@R8] To date, WE-MBVMS and BIS have not been compared. Therefore, we propose to compare the cosmetic results of wounds/scars achieved with both closure techniques. However, published clinical evidence on WE-MBVMS is lacking; thus, a feasibility trial is required to produce more evidence for a fully powered randomised controlled trial (RCT).

Objectives {#s1b}
----------

The primary objective is to investigate the feasibility of WE-MBVMS and BIS for patients undergoing costal cartilage harvesting in terms of patient recruitment, intervention and acceptability. The secondary objective is to observe the appearances achieved immediately postoperatively and cosmetic outcomes at all follow-up points (3, 6 and 12 months) achieved with WE-MBVMS and BIS.

Methods {#s2}
=======

A flowchart of study recruitment, randomisation, follow-up and analysis is shown in [figure 1](#F1){ref-type="fig"}.

![Flow chart depicting the trial protocol.](bmjopen-2018-021645f01){#F1}

Trial design {#s2a}
------------

This study is a single-centre feasibility RCT comparing the clinical effectiveness of WE-MBVMS and BIS to inform a future full-scale RCT.

Participants {#s3}
============

Inclusion criteria {#s3a}
------------------

The inclusion criteria are (1) surgical incisions that must be closed after costal cartilage harvesting for reconstructive surgery (ears, noses, etc), (2) incisions at least 1 cm in length and (3) patients aged 18--60 years old.

Exclusion criteria {#s3b}
------------------

The exclusion criteria are (1) chronic diseases that could affect normal wound healing, such as diabetes, chronic kidney disease, malignant neoplasms and severe malnutrition; (2) pregnancy; (3) inability to return for the 3 month follow-up visit; (4) unwillingness to provide informed consent; and (5) inability to read or speak Chinese.

Setting and location {#s3c}
--------------------

The trial will be implemented in the Department of Aesthetics, Plastic and Maxillofacial Surgery, The First Affiliated Hospital of Xi'an Jiaotong University.

Surgeon expertise {#s3d}
-----------------

All surgeons (attending physician, fellow and residents) involved in the study have been trained by the senior author in suture techniques on pig skin to master both suture techniques. During the operation, the suture procedure will be further directed and approved by the author. The main researchers in the trial have successfully completed good clinical practice (GCP) training. All surgery practitioners have received qualifications as practising physicians and have at least 3 years of surgical experience. Before recruitment, the surgeons will attend a seminar about the study to ensure that they strictly adhere to the protocol.

Recruitment {#s3e}
-----------

All participants are enrolled after obtaining ethical approval and registration. Potential participants are screened for eligibility by clinicians. When a patient is recruited, general information, including his/her name, ID, sex, age, race, anamnesis, height and weight, is recorded in a secure, Web-based system. The research associate provides patients who meet the selection criteria with all of the study presentation materials. Patients have the opportunity to ask questions about the study and further discuss it with their families. Then, written informed consent is provided by patients before surgery.

Interventions {#s4}
=============

After patients receive a general anaesthetic, experienced surgeons harvest the costal cartilage using a standardised technique. The soft periosteum, muscle and aponeurosis are closed by layering with 3--0 absorbable sutures (VICRYL Plus, Polyglactin 910; Johnson & Johnson International, USA). Finally, the skin incision remains. Then, any skin contused during the operation is excised as cleanly as possible, and the wound edges are moderately undermined by the individual surgeon. Each incision is randomised to receive WE-MBVMS or BIS. An interrupted 4--0 absorbable suture (VICRYL Plus, Polyglactin 910; ETHICON, Johnson & Johnson International, USA) is always placed for both suture techniques.

Buried intradermal suture (BIS) {#s4a}
-------------------------------

The wound edges on both sides are perpendicular to the epidermis. The suture placement begins at the base of the flap, with one edge lifted by forceps. The stitch goes through the subcutaneous tissue and exits the dermis closest to the epidermis at the skin edge. At the other edge, the suture placement is performed in a mirror-image fashion. Finally, the appearance of the wound is planar with no suture marks, and the knot buried. On the cross-section of the wound, the track of the suture forms a 'circle', as shown in [figure 2](#F2){ref-type="fig"}.[@R8]

![Cross-sectional view depicting the buried intradermal suture (BIS).](bmjopen-2018-021645f02){#F2}

Wedge-shaped excision and modified buried vertical mattress suture (WE-MBVMS) {#s4b}
-----------------------------------------------------------------------------

After more subcutaneous tissue is excised sharply, and the wedge-shaped excision is performed, both edges of the wound are tilted at a certain angle from the centre, forming an isosceles trapezoid on the cross-section of the wound. The suture placement also begins at the base of the flap. The stitch enters the dermis and moves along an arc track for as long as possible, and the superior arc is lower than the level of the midpapillary dermis. At the edge, the stitch exits from the subcutaneous--cutaneous boundary. At the other edge, suture placement is performed in a mirror-image fashion. Then, more dermis is recruited in a tight loop, with a knot tied at the base as with BIS. Finally, the appearance of the wound edge is everted, with folds surrounding it. On a cross-section of the wound, the track of the suture resembles a 'heart', as shown in [figure 3](#F3){ref-type="fig"}.[@R7]

![Cross-sectional view depicting the wedge-shaped excision and modified buried vertical mattress suture (WE-MBVMS).](bmjopen-2018-021645f03){#F3}

After BIS or WE-MBVMS has been performed, the wound is closed by intracutaneously running sutures with 5--0 monofilament absorbable sutures (MOMOCRYL, Poliglecaprone 25; ETHICON, USA) and adhesive strips (Steristrips, 3M Healthcare, USA) are placed at the end of surgery. Surgical dressing will be applied to the wound. Postoperative suggestions and medications will be identical for all wounds. A nurse will disinfect the wound with iodophor and replace the adhesive strips and surgical dressing once every 3 days for 9 days.

Outcome measures {#s5}
================

Feasibility outcome measures {#s5a}
----------------------------

The outcomes for the feasibility trial are descriptive[@R9] and include the following: the number of participants assessed for eligibility and recruitment rates, reasons for ineligibility or non-participation, time for interventions, number of withdrawals and retention at all follow-up points (3 months, 6 months and 12 months) and follow-up rates, and reasons for withdrawing from the trial.

Clinical outcome measures {#s5b}
-------------------------

At baseline and all follow-up points, participants and researchers will be asked to complete questionnaires for data collection. In the feasibility trial, we will select the appropriate primary outcome measure for a future full-scale RCT from the following scar assessment tools: the Vancouver Scar Scale (VSS), Patient and Observer Scar Assessment Scale (POSAS) and Visual Analogue Scale (VAS), as well as the width of the scars at all follow-up points.

In a review of scar rating scales by Zephanie *et al*, the POSAS exhibited superior performance with high-quality reliability, while the VSS has undergone the most thorough review among clinimetrics.[@R10] Jonathan *et al* showed that the VAS is consistent, reliable, valid and feasible for assessing overall satisfaction with scar cosmesis.[@R11] The VSS has four separate domains, vascularity, pigmentation, pliability and height. Each item has ranked subscales, and the total score, obtained by summation, ranges from 0 to 13, with 0 representing a normal appearance and 13 representing the worst.[@R12] The POSAS consists of two scales, the Patient Scar Assessment Scale (PSAS) and Observer Scar Assessment Scale (OSAS). The PSAS has the following six domains: pain, itching, colour, pliability, thickness and relief. The OSAS also contains six items, including vascularity, pigmentation, thickness, relief, pliability and surface area.[@R13] Each of the six items is graded on a 10-point scale, with 1 indicating normal skin and 10 indicating the worst disfiguring scar. The summary score ranges from 6 to 60, with 60 indicating the worst imaginable scar.[@R13] The VAS is a 10 cm line, with 0 indicating the worst and 10 indicating the best overall satisfaction.[@R15]Patients are asked to place a vertical mark on the VAS to rate the appearance of their scars.

The other outcomes are the appearance of the wound achieved immediately postoperatively and the complication rates during the 12-month follow-up period. The postoperative appearance of the wound includes the eversion height and width of the wound edges as measured by a ruler. Wound-related complications include surgical incision dehiscence, seroma or haematoma, infection and spitting sutures, which are recorded in detail.

Qualitative outcomes {#s5c}
--------------------

The acceptability of the interventions will be examined through a qualitative approach. We will conduct qualitative interviews with the participants by using a topic guide to ascertain perceptions about acceptability. During the qualitative interviews, we will gather a range of information on topics including responses to wounds/scars, the acceptability of the randomisation procedure and methods of data collection and adherence to treatment and follow-up.

Follow-up {#s5d}
---------

Over time, the number of drop-outs will increase. In a study by James *et al*, the wound scores of scars at 1 year were strongly associated with those at 3 months.[@R16] In similar studies about scars,[@R17] a difference in cosmetic outcomes was already detected 3 months after interventions. At 3 months after interventions, a subcutaneous absorbable suture (VICRYL Plus, Polyglactin 910) is almost completely absorbed[@R5]; then, the effect of reduced tension will gradually disappear, and differences in surgical interventions will tend to diminish. Therefore, we will set the first follow-up point at 3 months. For observing changes in the appearance of scars, we will continue the follow-up to 6 months and 12 months when the scars have matured.[@R21]

During the follow-up period, patients will receive comprehensive care. If complications occur, medical treatment will be administered. Wound data collected immediately postoperatively and complications during follow-up will be measured or recorded by dedicated personnel. At all follow-up points, patients and two blinded observers will be asked to complete the scales for the cosmetic outcomes of scars administered by a professional questionnaire administrator. The appearance of incisions immediately postoperatively and at all follow-up points will be recorded by digital photographs. The schedule of follow-up measures is presented in [table 1](#T1){ref-type="table"}.

###### 

Follow-up measures

  Time point                                Data collected
  ----------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Baseline                                  Name, ID, sex, age, race, smoking history, height and weight, number of participants assessed for eligibility and recruitment rates, reasons for ineligibility or non-participation.
  Immediately postoperatively               Eversion height and width of wound edges and time for interventions.
  During the 12-month follow-up period      Number of complications (such as surgical incision dehiscence, seroma or haematoma, infection and spitting of sutures).
  3 month, 6 month and 12 month follow-up   Scores on the VSS, VAS and POSAS; width of scars; number of withdrawals and retention and follow-up rates; reasons for withdrawing from the trial.

POSAS, Patient and Observer Scar Assessment Scale; VAS, Visual Analogue Scale; VSS, Vancouver Scar Scale.

Data management {#s5e}
---------------

Data, including baseline information about the patients, intervention procedures and outcomes, will be recorded via a standard data collection and management system, including case report forms (CRFs) and electronic data capture (ResMan online, <http://www.medresman.org/uc/index.aspx>). The patient's name on the CRF is identified by initials to maintain his or her anonymity. All of the records are identified only by the patient's ID and initials. The data are logged by two independent researchers, and the data manager further checks the integrity of the data to reduce the error rate.

Sample size {#s5f}
-----------

As this is a feasibility study, formal power calculations were not carried out.[@R22] Thus, we calculated the sample size mainly with reference to similar clinical trials.[@R17] To detect a difference of 5 (β=20%) on the 60-point POSAS with a significance level (α) of 0.05 and a SD of 7, we calculate that 32 patients per group are needed by GPower software V.3.1.[@R23] Assuming a predicted dropout rate of 20%, 39 patients per group are needed. Therefore, we plan to recruit 78 subjects.

Randomisation {#s5g}
-------------

A professional statistician will generate a random number sequence with SAS (V.9.4) statistical software in a 1:1 ratio before recruitment. The allocation assignment for participant randomisation is made in the random list and recruitment order.

Blinding {#s5h}
--------

The randomisation list is placed in an opaque envelope and kept by a nurse who is not directly participating in the study. After a patient is recruited, the nurse consults the list and informs the surgeon of the treatment allocation only. Then, the envelope is sealed again by the nurse, and the list is remains concealed until the last patient has been recruited. The patients and observers who will assess the cosmetic outcomes of scars are blinded to the allocation. The patient knows only that one of two techniques will be applied randomly and does not know which specific one will be used. The OSAS will be completed by two blinded observers for validity.

Statistical analyses {#s5i}
--------------------

In line with the recommendations of GCP in the analysis of feasibility studies, the analysis will be descriptive.[@R26] Descriptive statistics will be calculated for feasibility outcomes including recruitment rates, follow-up rates, time for interventions and baseline characteristics. Descriptive statistics will also be calculated for clinical outcomes including eversion height and the width of wound edges immediately postoperatively, complication rate during the 12-month follow-up, POSAS, VSS, VAS and the width of scars at all follow-up points. Means and SDs or 95% CIs, medians and quartile ranges or percentages will be presented. We will use the SDs of outcome measures to develop estimates for the sample size in a fully powered RCT. As this study is a feasibility trial, the objective is not hypothesis testing; rather, these analyses allow for preliminary examination of trends in comparisons.[@R27] The analysis will be undertaken on an intention-to-treat basis.

Monitoring {#s5j}
----------

Because the follow-up is short, and the risks of intervention are clear, we have not established a data management committee. Adverse events will be monitored and recorded using the routine report system. Written informed consent documents, recruitment status and overall trial progress will be monitored by the Research Ethics Committee of The First Affiliated Hospital of Xi'an Jiaotong University.

Patient and public involvement {#s5k}
------------------------------

Patient representatives comprising patients and their families have been consulted for advice on the research proposal before implementation of the trial. By conducting qualitative interviews with representatives, we have developed the original research proposal and acquired a range of interviewing skills, including conducting interviews in places where children already feel comfortable, giving participants enough time to tell their stories and encouraging them to express themselves through drawings or play. They have agreed to become members of the steering committee and will be involved in the recruitment and conduct of the study. Feedback and comments from representatives at all stages of the project will contribute substantially to exploring the findings of the study. The results of the trial will be summarised and disseminated to the participants by social media, a network platform, posters, diagrams and conference presentations.

Ethics and dissemination {#s5l}
------------------------

The study will be conducted in conformity with the Declaration of Helsinki and the Chinese laws and regulations regarding clinical trials. All the participants will provide written informed consent to participate in the study before recruitment. At any time during this trial, participants will have the power to withdraw without any impact on the quality of usual care. Any amendments to the protocol will be communicated to the participants, practitioners, institutional review board and registration authority if deemed necessary. The findings of this study will be published in peer-reviewed journals and presented at national and international scientific conferences. Reports will follow international guidelines, including the Consolidating Standards of Reporting Trials Statement and Standard Protocol Items: Recommendations for Interventional Trials 2013 Statement. The authors will be individuals who have made meaningful contributions to the research.

Discussion {#s6}
==========

Good cosmetic appearance of scars has always been desired by surgeons and patients. For this purpose, we previously described WE-MBVMS by summarising our clinical experience.[@R7] Although two patients with hypertrophic scars were cured by this technique, data regarding comparative clinical outcomes are lacking. This study will be conducted to investigate the feasibility of a full RCT to assess the clinical effectiveness of WE-MBVMS and BIS in the chest. This feasibility RCT will help us to select an appropriate primary clinical outcome measure from the scar assessment tools to inform the sample size for a full RCT.

All detailed descriptions of the appearances of wounds/scars will help us to gain a better understanding of both suture techniques. In a study by Moody *et al*, scars achieved with running horizontal mattress sutures appeared smoother and flatter than those achieved with simple running sutures.[@R28] Therefore, the authors concluded that excellent wound edge eversion was significantly associated with improved cosmetic outcomes of scars.[@R28] However, Kappel *et al* found no such association when comparing everted closures to planar closures.[@R29] Wang *et al* showed that set-back sutures provided significantly better wound eversion than did buried vertical mattress sutures and produced superior cosmetic outcomes.[@R17] According to Trufant and Leach, site selection and technical levels may be confounding factors in the differences reported by Kappel *et al* and Wang *et al*.[@R30] Hence, whether wound edge eversion is beneficial remains controversial. If feasibility is demonstrated, our future research evaluating both techniques on a single surgical site may provide more evidence to settle this dispute as WE-MBVMS is a dermal suturing technique that can produce wound edge eversion. This study is limited by its single-centre context. However, we believe that the findings will be very valuable for the design of a future full-scale trial.
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